Abbreviations used: BMP -bone morphogenetic protein; CNS -central nervous system; FITC -fluorescein isothiocyanate; GFAP -glial fibrillary acidic protein; MAP2 -microtubule-associated protein 2; MSCs -mesenchymal stem cells; NSE -neuron-specific enolase; NT-3 -neurotrophin-3; SCI -spinal cord injury; siRNA -small interfering RNA; Smad -Drosophila mothers against decapentaplegic protein; TrkC -tyrosine protein kinases C Abstract: We investigated whether neurotrophin-3 (NT-3) can promote differentiation of mouse bone mesenchymal stem cells (MSCs) into neurons via the bone morphogenetic protein pathway. MSCs were prepared from rat bone marrow and either transfected with pIRES2-EGFP or pIRES2-EGFP-NT-3 or treated with bone morphogenetic protein 4. The pIRES2-EGFP-NT-3-transfected MSCs further underwent noggin treatment or siRNA-mediated knockout of the TrkC gene or were left untreated. Immunofluorescence staining, real-time PCR and Western blot analyses were performed to evaluate the transcription and expression of neural-specific genes and BMP-Smad signaling. MSCs were efficiently transduced by the NT-3 gene via pIRES2-EGFP vectors. pIRES2-EGFP-NT-3 could initiate the transcription and expression of neural-specific genes, including nestin, NSE and MAP-2, and stimulate BMP-Smad signaling. The transcription and expression of neural-specific genes and BMP-Smad signaling were significantly suppressed by siRNA-mediated knockdown of the TrkC gene of MSCs. These findings suggest that the BMP signaling pathway may be a key regulatory point in NT-3-transfected neuronal differentiation of MSCs. The BMP and neurotrophin pathways contribute to a tightly regulated Vol. 20. No. 3. 2015 CELL. MOL. BIOL. LETT. 386 signaling network that directs the precise connections between neuronal differentiation of MSCs and their targets.
INTRODUCTION
Spinal cord injury (SCI) invariably results in the loss of neurons and axonal degeneration at the lesion site, leading to severe functional impairment, paraplegia or tetraplegia [1] . Numerous efforts have been made to re-establish the neuronal networks and improve axonal regeneration across the injury [2] . However, functional restoration has proven to be very difficult and a unified therapeutic strategy is necessary to maximize the efficacy of SCI treatment [3] . Stem cell transplantation is one of the experimental strategies used to promote regeneration of injured spinal cords. Mesenchymal stem cells (MSCs) constitute an alternative source of pluripotent stem cells [4] . MSCs have been shown to be multipotent, differentiating into chondrocytes, osteocytes, adipocytes or even neurons and neuroglia after transplantation into host central nervous system (CNS) tissue [5] [6] [7] [8] [9] [10] [11] . Besides their differentiation, MSCs can produce growth factors and cytokines, provide trophic and structural support, and suppress inflammation and the immune reaction, enhancing tissue regeneration. More importantly, MSCs can be easily acquired autonomously, which alleviates ethical concerns [12, 13] . Recent studies have reported that MSCs promote partial functional recovery after grafting to SCI sites [14] [15] [16] , although the mechanisms underlying this recovery have not been defined. Grafted MSCs survive in spinal cord tissue, forming cell bridges within the traumatic central medullary cavity. After MSC transplantation into spinal cord tissue, cells expressing neuronal and astroglial markers have been observed, together with marked ependymal proliferation and nestin-positivity [17] . Moreover, MSC transplantation in a variety of animal models of SCI has been shown to produce remyelination and improved functional recovery [18] [19] [20] . In summary, MSCs may be one of the best candidates in clinical transplantation therapy for SCI. Neurotropin-3 (NT-3) is an important neurotrophic factor [21] . It can prevent atrophy of mature CNS neurons, and promote corticospinal tract axonal regeneration and recovery of hindlimb function in animals with SCI [22] [23] [24] [25] [26] [27] . Hapner et al. [28] indicated that NT-3 could upregulate the TrkC expression of neural stem cells (NSCs) and promote their differentiation into neurons. BMPs (bone morphogenetic proteins) influence many developmental processes, including cell proliferation, apoptosis and the determination of the fates of nonneuronal cells, crest cells and neurons [29] . Binding of BMPs to their receptor complexes may trigger Smad and non-Smad signaling cascades. The Smad pathway, initiated by phosphorylation through the activated type I receptors, results in transcriptional regulation of early target genes. BMP-Smad signaling has been widely reported and specified in our earlier study [30] . This study was conducted to investigate whether NT-3 could promote differentiation of mouse bone MSCs into neurons via activation of the BMP pathway.
MATERIALS AND METHODS

Animals
Wistar rats were obtained from the Experimental Animal Center of the First Affiliated Hospital of China Medical University. All of the rats were housed under specified pathogen-free (SPF) laboratory conditions. The First Affiliated Hospital of China Medical University Institutional Animal Care and Use committee approved all animal experiment protocols.
MSCs isolation and culture
MSCs were prepared from bone marrow as previously described [5] . Briefly, Wistar rats (100-150 g) were killed by cervical dislocation after inhalation of diethyl ether. The bone marrow cells were harvested from the femurs and seeded at 1 x 10 7 cells/ml in a 50-ml tissue culture flask with low glucose Dulbecco's modified Eagle's medium (DMEM, Gibco) supplemented with 10% fetal bovine serum (FBS, TBD, Zhanchen) and antibiotics (100 U/ml penicillin, 100 U/ml streptomycin). Then the cells were incubated at 37ºC in a humidified atmosphere containing 5% CO 2 . The adherent primary MSCs were passaged at a ratio of 1:3 when they grew to confluence (passage 0), and MSCs from passage 3 were used for all of the experiments.
Flow cytometry
MSCs were digested with 0.25% trypsin and 0.02% EDTA when the passage 3 MSCs had reached about 80% confluence. Passage 3 MSCs were rinsed twice with 0.01 mol/l phosphate-buffered saline (PBS) and then incubated with mouse antihuman primary monoclonal antibodies against CD34 and CD90 at a 1:50 dilution at 4ºC for 30 min. Samples in which PBS was substituted for primary monoclonal antibodies were used as negative controls. After being washed with PBS, the cells were incubated with fluorescein isothiocyanate-conjugated mouse monoclonal antibodies against rat CD34 (clone ICO-115, Santa Cruz) and CD90 (clone OX-7, Santa Cruz) at a 1:50 dilution at 4ºC for 30 min. After two more washes, flow cytometric analysis was performed on a flow cytometer (BD).
Differentiations of MSCs
The induction of MSC differentiation into an adipocytic lineage was carried out according to Tropel et al. [31] . Confluent MSCs were cultured in DMEM-high glucose (Gibco) supplemented with 0.5 mM 1-methyl-3-isobutylxanthine (Sigma), 1 μM dexamethasone (Sigma), 10 μg/ml insulin (Sigma) and 10% FBS.
The medium was replaced every 2-3 days for 21 days. Adipogenesis was measured by the accumulation of neutral lipids in fat vacuoles, stained with oil red "O". The confluent MSCs were also cultured in DMEM-high glucose supplemented with 1 μM dexamethasone, 0.05 mM ascorbic acid (Sigma), 10 mM β-glycerophosphate (Sigma), and 10% FBS to induce osteogenic lineage differentiation [31] . The medium was replaced every 2-3 days for 21 days. The alkaline phosphatase activity of the induced MSCs was detected using the calcium cobalt method.
Experimental groups and cell transfection
The pIRES2-EGFP vector (Clontech) carrying the human TrkC gene was used in this study. Prior to transplantation, cultured MSCs were treated as follows: pAd-siTrkc was obtained via recombination of pSES-HUS-siTrkc digested by Pme I and E. coli BJ5183 cells carrying pAdEasy-1. MSCs (80-90% confluence) were transfected with TrkC siRNA using Lipofectamine 2000 (Invitrogen). After 36 h of culture, knockdown efficiency was measured using western blot analysis. Before transplantation, G418 was used to screen the cells for positive clones. Then, the cells were seeded at 1 x 10 7 cells/ml in a 50-ml tissue culture flask with Lipofectamine 2000 (10 μl) and low glucose Dulbecco's modified Eagle's medium (L-DMEM, Gibco) supplemented with 10% fetal bovine serum (FBS, TBD, Zhanchen) and antibiotics (100 U/ml penicillin, 100 U/ml streptomycin). The cells were then incubated at 37ºC in a humidified atmosphere containing 5% CO 2 .
Immunofluorescence staining
Immunofluorescence staining was carried out as described previously. Briefly, cells were fixed with methanol at -20ºC for 15 min and then blocked with 5% goat serum for 1 h. The fixed cells were incubated in 0.1% Triton X-100 in PBS containing nestin, NSE and MAP-2 primary antibodies (all from Abcam) at 4ºC overnight. The antibody reaction was visualized with CY3-conjugated secondary antibodies (Jackson ImmunoResearch Laboratories, Inc.), and the cells were counterstained with DAPI (Sigma). Fluorescence images were acquired with a TE2000-S fluorescence microscope (Nikon). Control IgGs of the corresponding primary antibody type were used as negative controls.
RNA isolation, RT-PCR and real-time PCR
Total RNA was extracted using a TRIzol reagent (Life Technologies, Invitrogen) following the manufacturer's instructions. The isolated RNA was treated with RQ1 RNase-free DNase (Promega) to remove DNA contamination. The first strand cDNA was generated from a purified mRNA sample using a PrimeScript RT Reagent Kit (Takara). PCR templates were generated with 5-to 10-fold dilutions of the cDNA products. Semi-quantitative RT-PCR was carried out using a touchdown protocol: 94ºC x 30 s, 66ºC x 30 s and 72ºC x 30 s for 10 cycles, with 1ºC decrease per cycle, followed by 24-32 cycles at 94ºC x 30 s, 56ºC x 30 s and 72ºC x 30 s, followed by a final extension for 5 min at 72ºC. The RT-PCR products were separated by electrophoresis on a 1.5% agarose gel, stained, and photographed under UV light illumination. β-actin was used as the internal control in all reactions. Real-time PCR were performed using a RealMasterMix kit (SYBR Green; TaKaRa) and a Bio-Rad Real-Time PCR instrument. The reaction protocol was carried out as follows: 95ºC x 30 s, 95ºC x 5 s and 60ºC x 30 s for 40 cycles. Primer sequences for nestin, NSE, MAP-2, GFAP, Trkc, NT-3 and β-Actin were designed using the Primer Premier 5 software and are listed in Table 1 . 
Western blot analyses
After transfection for 48 h, MSCs from each group were washed twice with PBS, incubated with lysis buffer (50 mM TRIS, 150 mM sodium chloride, 10 mM EDTA, 1% sodium deoxycholate, 1% TritonX-100, 0.1% SDS, 20 mM sodium fluoride, 0.25 mM phenylmethyl sulfonylfluoride and 5 μg/ml leupeptin, pH 8.2) for 30 min with gentle shaking, scraped from the tissue culture flask, and then incubated for 5 min at 4ºC with gentle agitation. Supernatants were collected after centrifugation at 12,000 rpm for 15 min at 4ºC, and the total protein was quantified. Samples (20 μg) reduced with β-mercaptoethanol were electrophoresed using SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and then transferred to a nitrocellulose membrane (Millipore) using a western transfer system (Invitrogen). The membranes were blocked with 5% skimmed milk in TRIS-buffered saline-Tween (TBST) for 1 h, incubated with polyclonal rabbit anti-human BMP4 antibody, polyclonal rabbit anti-human NT-3 antibody, polyclonal rabbit anti-human Smad1 antibody, polyclonal rabbit anti-human pSmad1 antibody, polyclonal rabbit anti-human TuJ1 antibody and polyclonal rabbit anti-human GFAP antibody (all from Sigma) overnight at 4ºC, washed in TBST, incubated with HRP-conjugated goat anti-rabbit secondary antibody (Santa Cruz) for 2 h, washed again, and then developed via electrochemiluminescence (ECL; Gene). Proteins were visualized using Kodak film.
Electrophysiological analyses
The resting membrane potential of the cells was recorded using the whole-cell patch clamp technique, as described previously [32] . Cells were seeded on 8 x 8 mm glass coverslips and then variably pretreated before differentiation was induced using modified neuronal induction medium (MNM). The coverslips were placed in an acrylic chamber (RC-26L) of an inverted microscope (TE-2000U, Nikon). The electrodes were filled with an internal solution that was adjusted to pH 7.2 with CsOH. The external bath solution was adjusted to pH 7.4 with NaOH. After the formation of a gigaohm seal by negative pressure suction on a single cell using patch electrodes, whole-cell recording began. The electric currents were amplified using a Multiclamp 700B amplifier (Axon Instruments). The signals were amplified and digitized with a Digidata 1322 interface (Axon Instruments).
Calcium imaging
The responses of the different groups of neuron-like cells to KCl (55 mmol/l) were recorded using a calcium imaging system. MSCs were seeded in 24-well culture plates with various pretreatments and differentiation was then induced via MNM. Fura-2 (SIGMA), a Ca 2+ indicator, was used to ratiometrically monitor cytosolic Ca 2+ . Differentiated cells were washed twice in Hank's balanced salt solution (HBSS) and then incubated in HBSS containing 5.0 mM Fura-2 AM and 0.066% Pluronic F-127 for 30-45 min at 37ºC in the dark. The cells were then washed twice in HBSS to remove extracellular dye and mounted in an imaging chamber containing Mg 2+ -free HBSS for 10 min for equilibration. Fluorescence of the Fura-2-labeled cells was measured at excitation wavelengths of 340 and 380 nm, and emission was detected at 510 nm using an inverted fluorescence microscope (TE-2000U, Nikon). The fluorescence of the cells was captured with an intensified CCD camera (CoolSNAP HQ2) every 4 s. The baseline intracellular Ca 2+ levels were measured in Mg 2+ -free HBSS buffer for 1 min. Next, 55 mmol/l KCl was added into the wells, and images were captured for another 7 min. The ratio (F340 nm/F380 nm) of fluorescence intensities was converted to intracellular free calcium ion concentrations using NIS element AR3.1 software. Fold-increases between wave peaks and baselines in all of the treated groups were compared.
Exogenous NT3 experiments
Human NT3 factor was purchased from Peprotech. The third-generation MSCs were prepared as described above. The cells were treated with 50 ng/ml human NT-3 factor or the vehicle control (PBS) for 48 h. Cell characteristics, specific markers and function assays were employed for analysis in the treated cells as described above.
Statistical analysis
All of the statistical analyses were performed using the statistical software SPSS11.0. Data were expressed as means ± standard deviations (SD). When three sets of data were compared, one-way ANOVA or two-tailed Student's t test was performed to compare differences between the groups. Values of p < 0.05 were considered significant.
RESULTS
Properties of cultured MSCs
Bone marrow MSCs were isolated and purified from femoral bone marrow specimens from Wistar rats. Primary cultures of MSCs exhibited spindly, triangular and adherent cells after 3 days of culture. After 8-10 days of culture, more than 90% showed fusion. With increased subcultivation, the MSCs widened and flattened and the proliferation rate slowed down with a final spiral shape ( Fig. 1A and B) . Flow cytometry showed that in vitro expanded MSCs did not express the hematopoietic marker CD34 (Fig. 1C) , but positively expressed CD90 (Fig. 1D) . The percentage of MSCs with CD90 was 96.77%, whereas the percentage with CD34 was 0.34%. To induce adipocytic differentiation, confluent MSCs were cultured for 21 days in medium containing 1-methyl-3-isobutylxanthine, dexamethasone, insulin, FBS and bovine serum. Circular particles could be seen as early as 4 days after induction ( Fig. 2A) , but 2 weeks were necessary to accomplish maximum lipid accumulation. After 2 weeks, the lipid droplet was clearly visible and stained red with oil red "O" (Fig. 2B) . To induce osteoblastic differentiation, confluent cells were cultured in osteo-inductive medium consisting of complete medium supplemented with dexamethasone, ascorbic acid, β-glycerophosphate and FBS. We analyzed the alkaline phosphatase activity as it is considered a marker of osteoblastic differentiation. In the initial culture, alkaline-phosphatase positive cells were rare. After 3 weeks in inductive medium, the treated population contained numerous positive cells as shown using the calcium-cobalt method, which stained the cytoplasm brown-black (Fig. 2C) . C -Cells grown in osteogenic media stained positively for ALP after 10 days of culture, as detected using the calcium cobalt method (brown-black cytoplasm). All images at magnification 100x.
Analysis of transgene expression
MSCs adhered to the surface of plastic culture dishes and exhibited a spindleshaped fibroblast-like morphology (Fig. 3A) . After NT-3 induction, the MSCs changed into neuron-like cells presenting distinct neuronal morphologies, including simple bipolar, large and extensively branched multipolar appearances in group C (Fig. 3B) . Neuron-like cells derived from the MSCs in group E exhibited shorter axonal lengths and less neuritis in comparison to those in group C (Fig. 3C) . After one week of NT-3 induction, the morphology of neuron-like cells derived from MSCs was stable (Fig. 3D) . The fluorescence microscope image shows green fluorescence ( Fig. 4A and B) .
No obvious fluorescence was observed in group A, which indicates that the pIRES2-EGFP vector was transfected into MSCs cells successfully in both groups B and C. In addition to the morphological characterization, the mRNA and protein expression levels for neural-specific markers were also measured in the neuron-like cells. The mRNA and protein expression levels of NT-3 in NT-3-transfected MSCs (group C) were higher than those in groups A and B, indicating that NT-3 protein can be well expressed in pIRES2-EGFP-NT-3-transfected MSCs (Fig. 4C and D) .
Downregulation of BMP transcriptional activity suppresses the differentiation of MSCs into neuronal cells in vitro
After noggin injection, the MSCs in group E exhibited shorter axonal length and fewer neuron-like cells than those in group C ( Fig. 3B and C) . As shown in Fig. 5A , the mRNA levels for neural-specific genes, including nestin, NSE and MAP-2, were significantly increased (2-to 4-fold) following NT-3 induction of MSCs (p < 0.01). By contrast, the mRNA expression of these neuronal markers in neuron-like cells from group E (MSCs + noggin) was lower than that observed in neuron-like cells from group C (MSCs + pIRES2-EGFP-NT-3; p < 0.05). The expression level of the glial marker (GFAP) in group C was higher than that in groups A and E, although the difference did not reach statistical significance. To confirm these results, the protein expression levels for these neural-specific markers were also measured. As shown through immunofluorescence staining analysis (Fig. 5B) , the expression levels of nestin, NSE and MAP-2 in differentiated cells were markedly increased after NT-3 induction. Similarly, the expression of these neuronal markers in differentiated neuron-like cells from group E (MSCs + noggin) was significantly lower than that in group C. Western blotting analysis (Fig. 5C ) revealed the same tendency, with Tuj1 expression being lower in differentiated neuron-like cells in group E (MSCs + noggin) than in group C. All of the results suggested that pre-induction with NT-3 improved the differentiation of MSCs into neurons, while noggin suppressed it. Neuron-like cells derived from MSCs were significantly hyperpolarized after NT-3 induction, with a resting membrane potential (RMP) from -11.1 ± 1.34 mV to -43.1 ± 3.97 mV (p < 0.05; Fig. 6A ). Interestingly, neuron-like cells from group E (MSCs + noggin) were hyperpolarized to a significantly lower degree (-23.7 ± 3.18 mV) than those from MSCs in group C (p < 0.05). The foldincrease of intracellular Ca 2+ was significantly higher (p < 0.01) in the neuronlike cells derived from MSCs after NT-3 induction. Also, the fold-increase in differentiated neuron-like cells from group E (MSCs + noggin) was higher than the increase observed in those from group C (derived from MSCs after NT-3 induction; p < 0.05; Fig. 6B ). 
NT-3 binds to TrkC to stimulate bone morphogenetic protein signaling
The mRNA levels for neural-specific genes, including nestin, NSE and MAP-2, were significantly increased (2-to 4-fold) following NT-3 induction of MSCs (p < 0.01). By contrast, mRNA expression of these neuronal markers in neuronlike cells from group F (derived from MSCs with the TrkC gene knocked down by siRNA) was lower than that observed in those from group C (derived from MSCs after NT-3 induction; p < 0.05; Fig. 5A ). Western blotting analysis ( Fig. 7A and B) revealed that the expression levels of BMP4 and Smad1 in differentiated cells were markedly increased after NT-3 induction (Fig. 7A) . Similarly, the expressions of BMP and Smad1 in group F were significantly lower than that in group C (Fig. 7B) . 
Role of NT-3 factor
The third generation MSC cells were prepared and treated with 50 ng/ml human NT-3 factor (Peprotech) or vehicle control (PBS) for 48 h. Cell characteristics, specific markers and function assays were employed for analysis in the treated cells. The results illustrated that MSCs differentiated into the direction of nerve cells (Fig. 8) . The data in Fig. 9 also demonstrated that the expression levels of neuron-specific factors, including Tuj1, NSE and MAP-2, increased after NT-3 factor treatment, and there were significant differences between the control group and the group with NT-3 treatment. As shown in Fig. 10 , there were also significant differences in the resting membrane potential of the MSCs between the control group and the group with NT-3 treatment. The results further support the findings that NT-3 may contribute to the neuronal differentiation of mesenchymal stem cells through the activation of the bone morphogenetic protein pathway. Fig. 9 . The expression levels of neural-specific markers, including Tuj1, NSE, MAP-2 and GFAP, in MSCs treated with exogenous NT3 factor. Immunofluorescence (A, B) and western blotting analysis (C) of neural-specific markers in the control group and NT-3 factortreated group. *p < 0.05 vs. the control group. 
DISCUSSION
Mesenchymal stem cells (MSCs) are pluripotent adult stem cells that can be induced to differentiate into various mesenchymal lineages, including osteocytes, chondrocytes and adipocytes [33] [34] [35] , and other lineages [36] , such as neurons [37] and astrocytes [38] . Because of their ability to transdifferentiate across embryonic boundaries into neuronal cells, MSCs are considered good potential candidates for treating neurodegenerative disorders and nerve injury diseases [32] . Neurotrophins belong to a family of structurally and functionally related molecules that promote neural cell survival and differentiation or cell death, depending on the cell-tissue context and the receptor involved [39] . Previous studies have shown that NT-3 plays critical roles in neuronal survival, differentiation and function [39] [40] [41] . Additionally, NT-3 was reported to promote neuronal differentiation of MSCs and NSCs via preferential binding of tyrosine kinase C (TrkC) [5, 28] . In this study, we observed that the transplantation of NT-3-transfected MSCs into the spinal cord after injury results in improved functional outcomes as determined using morphological detection, electrophysiology and immunostaining, and RT-PCR and western blot. We observed that MSCs changed into neuron-like cells presenting distinct neuronal morphologies after NT-3 induction, which is consistent with observations made in earlier studies. In addition to the morphological characterization, we also found that the mRNA and protein expression levels for neural-specific markers, such as nestin, NSE and MAP-2, were also higher in NT-3-transfected MSCs than in the control group, which indicated that NT-3 protein can be well expressed in pIRES2-EGFP-NT-3-transfected MSCs and indeed prompt the differentiation of MSCs into neurons. We next sought to determine the excitability of the differentiated neuron-like cells, as excitability is a fundamental property of neurons. Resting membrane potential (RMP) and intracellular calcium ion concentration were considered good indices to reflect cell excitability [32, 42] . RMP refers to the constant potential difference between the inside and outside of an unstimulated cell membrane. RMP was measured in the different groups of cells using the whole cell patch clamp as a functional index. Our electrophysiological results demonstrate that subjects that received transplantations of MSCs transfected with NT-3 had a longer RMP latency, which is consistent with our morphological results and with the results of an earlier study [32] . Increased intracellular calcium ion concentration induced by high extracellular potassium ion stimulation is usually considered to be an indicator of excitability [43] . In this study, we used a calcium imaging system to determine the free intracellular calcium ion concentration by analyzing fluorescence intensity (F340 nm/F380 nm ratio). We observed the same trend in calcium ion concentration as that observed during RMP measurement. Therefore, these results confirmed that:
(1) MSC-derived neuron-like cells possess neuroelectrophysiological excitability; (2) NT-3 increased their neural excitability, indicating that NT-3 could improve the neural maturation of MSCs; (3) Noggin decreased the enhancement of their neural excitability after NT-3 induction, showing that noggin could reduce the neural maturation of MSCs. These findings indicated that downregulation of BMP transcriptional activity suppresses differentiation of MSCs into neuronal cells in vitro. To confirm the mechanism that transcriptional activity of BMP suppresses differentiation of MSCs into neuronal cells, we next investigated whether TrkC and Smad1 affect the differentiation of MSCs into neuronal cells. We found that in the murine MSCs, which express endogenous TrkC, significantly enhanced NT-3-induced Smad1 phosphorylation and restored BMP-4 transcriptional activity. By contrast, expression of TrkC in MSCs, in which TrkC was silenced by siRNA, completely suppressed BMP-4 transcriptional activation. These results suggest that TrkC can bind to NT-3 to prompt the transcript activation of BMP4 and stimulate the differentiation of MSCs into neurons through BPMSmad signaling. We also directly treated the cells with recombinant NT-3, and the results further support the findings that NT-3 may contribute to the neuronal differentiation of mesenchymal stem cells through the activation of the bone morphogenetic protein pathway (Fig. 8-10 ).
In conclusion, the results of our study suggest that BMP signaling pathway may be a key regulatory point in NT-3-transfected neuronal differentiation of MSCs. In addition, the molecular events of the BMP signaling and neurotrophin pathways may contribute to a tightly regulated signaling network that directs the precise connections between neuronal differentiation of MSCs and their targets.
